ABSTRACT The respiratory health of workers exposed to polyvinylchloride (PVC) dust has been investigated in 818 men sampled from the work force of a factory manufacturing PVC. In a crosssectional survey, the lung function and prevalences of respiratory symptoms and chest radiographic abnormalities were compared with estimates of individual PVC dust exposures based o, detailed occupational histories and current measurements of respirable PVC dust. Complaints of slight exertional dyspnoea were associated with PVC dust exposure, though age and smoking effects were much stronger. The forced expired volume in one second (FEV,) and forced vital capacity (FVC) were inversely related to dust exposure after age, height, and smoking effects had been taken into account. This effect was seen principally in cigarette smokers, and there was suggestive evidence that PVC dust exposure and cigarette smoking interacted in the reduction of FEV, and FVC. Gas transfer factor was not related to dust exposure. The chest radiographs were read according to the ILO U/C classification by three experienced readers. One reader recorded a low prevalence of small rounded opacities, and these were not related to age or dust exposure. Another reader recorded a higher prevalence of small rounded opacities category 0/1 or more, and these were related to age but not to dust exposure. The third reader recorded the highest prevalence of small rounded opacities (though none greater than category 1/1), and these were independently related both to age and to PVC dust exposure, indicating an effect of PVC dust on the appearances of the chest radiograph. These appearances were so slight that only the higher sensitivity of this reader in the interpretation of profusion of small rounded opacities on the ILO U/C scale enabled detection of this effect of PVC dust. In conclusion, exposure to PVC dust is associated with some deterioration of lung function, slight abnormalities of the chest radiograph, and complaints of slight dyspnoea. The mean decline in FEVy associated with the average dust exposure experienced in the study was small, though some of the men with higher dust exposures may have suffered clinically important 1h)ss of lung function as a result of their occupation.
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The dust produced during the the manufacture of polyvinylchloride (PVC) includes a large proportion by number of small particles of respirable size.1 2 Administration of PVC dust to animals has been reported to cause inflammatory changes of the bronchioles and alveoli, including a proliferation of histiocytes and granulomatous lesions,3 and PVC formulations have been found to have cytotoxic effects in vitro.5-' These effects were caused in part by the plasticisers, stabilisers, and other additives in the PVC, and there is some evidence that the in vitro toxicity of PVC Epidemiologi-al study of respiratory disease in workers exposed to The chest radiographs were read independently using the ILO U/C International Classification of Radiographs of Pneumoconioses21 by three readers highly experienced in this work. The readers had all been shown previously to produce readings that correlated with measurements of dust exposure in coalminers and to be highly consistent in their readings when presented with the same films on separate occasions. They did, however, represent a range of interpretation of profusion of small opacities recorded using the ILO U/C scale, and were known to differ consistently from each other in the prevalences of small rounded opacities they recorded.
PVC DUST INDEX
Every occupation within the population under study was allotted a PVC dust concentration on the basis of the measured current dust levels. Sixty-six such job/dust categories were derived from the measurements made and from knowledge of the factory conditions.
A "dust index" was derived from the current dust measurements and the occupational history such that the current dust levels in each of a man's occupations in the plastics factory was multiplied by the years he had spent in that occupation, and this figure added to the figures derived from his other occupations in the factory.
STATISTICAL METHODS
The data were studied initially by cross-tabulations, graphical methods, and summary descriptive statistics. Multiple linear regression analyses of the lung function results were carried out, with subsequent examination of residuals. The radiographic and respiratory symptoms results were studied by maximum likelihood logistic analysis. 22 
Results

ENVIRONMENTAL SURVEY
Respirable dust levels were highest in the older plants and those making polymer by the emulsion method. The highest mean average respirable dust exposure for any occupation over a shift was 2-88 mg/m3 (SD±+1 84). The distribution of calculated dust indices (years X mg/m3) for the 818 men studied in the medical survey is shown in fig 1. 
MEDICAL SURVEY
Features of the population of 818 men are set out in tables 1 and 2.
It was noted in preliminary analysis that the number of years worked at the PVC works or work in an outside industry in which noxious materials were used were of trivial importance in explaining the prevalence of symptoms, lung function and radiographic abnormality, after index of dust exposure, age, and smoking habit had been taken into account.
Respiratory symptoms Analysis of respiratory symptoms was based on the answers 'to the questionnaire.
Two hundred and fifteen men (26%) admitted to dyspnoea on exertion grade 1 ("shortness of breath when hurrying on level ground or walking up a slight hill"). Prevalence was approximately three times higher in the smoking groups (32% in cigarette smokers) than in the non-smokers Epidemiological study of respiratory disease in workers exposed to polyvinylchlorid2 dust More detailed analysis examined whether the effect of dust index varied according to smoking category and job status groups (current workers, pensioners, or leavers). Though the observed differences in dust effect in these groups could have arisen by chance (pc045) the numbers of men in some of the subgroups are small, and the pattern of positive and negative effects suggested an interaction between dust effect, current employment at the factory, and cigarette smoking (table 4). The dust effect was seen principally in currently employed cigarette smokers.
After taking into account the effects of age, Further analysis of dust effect in the smoking and job category subgroups again showed a significant adverse dust effect in cigarette smokers 
Discussion
This study was planned to compare the lung function, chest radiographic appearances, and prevalence of respiratory symptoms in workers in a factory manufacturing PVC with estimates of personal exposure to respirable PVC dust. The random sample was selected from men who had previously worked in the factory as well as the current work force, and was weighted to include a relatively high proportion of those who had the highest lifetime exposure to PVC dust. These preliminary estimates of exposure were based on factory records and a preliminary inspection of the plants and typical dusts produced. Twenty-five per cent of selected men, thought on this basis to have high or moderate exposures, did not attend for examination. Reserves for these men were included, albeit that these were from medium rather than high dust exposure groups, to ensure that sufficient numbers of men with substantial exposures were studied. It is emphasised that the dust exposure estimates used in the analysis were not based on 'these preliminary estimates but on a detailed occupational history obtained from each man together with measurements of current personal exposures in the factory. These estimates, though the best available, may nevertheless have been inaccurate to the extent that previous dust exposures may have been higher than those presently experienced. In view of probable overall changes in dust levels conclusions about quantitative relationships between dust and disease should be drawn with caution.
It was not possible in this study to take account of the health effects of the components of the PVC powder other than the PVC itself, nor of changes in the formulation occurring over the years. The "respirable" fraction of airborne dust measured in this survey is suitable for comparisons with both bronchial and alveolar disease, for dust in this size range deposits substantially either in bronchial or alveolar zones. Furthermore, measured exposure to "respirable" coal mine dust has been shown to correlate with mucous hypersecretion and loss of FEV1 in miners.23 24 as well as with the radiographic appearances of pneumoconiosis. 25 The study demonstrated a relationship between estimates of exposure to PVC dust and dyspnoea, lung function, and chest radiological abnormality. A history of moderate exertional dyspnoea was related to dust exposure, though this relationship was apparent only in cigarette smokers. This effect was additional to the effects of smoking and aging which were, however, the predominant explanatory variables for this symptom. It seems unlikely that the effect of PVC dust on symptoms Epidemiological study of respiratory disease in workers exposed to polyvinylchloride dust alone is of much clinical importance. PVC Assessments of the profusion of small opacities in chest radiographs according to the ILO U/C Classification are known to vary between readers. The three experienced readers invited to take part in this study were each known to show little variability on repeated readings of the same radiographs, but were also known to differ consistently from each other in the prevalences of small rounded opacities they recorded. In the presenit study the anticipated differences between readers were again apparent. One reader recorded small rounded opacities in very few chest radiographs, and these were not obviously related to age or dust exposure. Another reader recorded small rounded opacities in a larger number of men, and presence of these opacities was correlated with age but not dust exposure. The third reader recorded the greatest prevalence of small rounded opacities, and it was found that these opacities were related to age and, independently, to dust exposure. We consider each of these readers' assessments to be scientifically valid, and that the third reader's more sensitive interpretation of the recognition and recording of small rounded opacities enabled the detection of a relationship between radiographic appearances and dust exposure. The profusions of these small rounded opacities were almost all of low category (none greater than 1/1), and the slightness of these appearances was corfirmed by the other readers, who in many cases did not even record their presence. On clinical readings of the radiographs there were no cases of advanced pulmonary fibrosis among them, except for one man, not in the study population, who did have radiographic evidence of advanced pulmonary fibrosis. Further investigation of the cause of this is being undertaken.
Thus PVC dust exposure was associated with both small rounded opacities on the chest radiograph and a slight average functional defect. The reduction of FEVY but normal alveolar volume and transfer factor indicated that the effect was predominantly obstructive in type, but the parallel reduction of FVC indicated by the lack of any relationship between dust exposure and the ratio between FEV1 and FVC suggested a slight additional element of restriction. The radiological and functional abnormalities were themselves related, for the 50 men with small rounded opacities also had reductions of FEVY, FVC, and alveolar volume after the effect of dust had been allowed for. While this relationship was not specific for PVC dust effects, for it was seen predominantly among cigarette smokers whose small opacities were not obviously related to dust exposure, it does tend to suggest that small rounded opacities may be the result of disease of bronchioles, sufficiently distal to be radiologically detectable yet sufficiently proximal to cause an obstructive defect. The parallel reductions of FVC and VA suggest an additional restrictive defect, which tends to confirm the distal site of the lung damage, the nature of which might be similar to the cellular reaction reported in one case of a PVC worker with radiograplhic shadows."
By contrast, small irregular opacities, related to age and in small part to chronic productive cough but not to dust exposure, were associated with a more classical obstructive pattern in which the FEV, was reduced substantially more than the FVC. There was in addition a reduction of gas transfer factor suggesting the presence of emphysema or ventilation/perfusion mismatching. Since the later stages of panacinar emphysema are usually associated with a diminution rather than an increase in radiographic lung shadows, it is probable that the clinical recognition of small irregular opacities enables the identification of a type of chronic airflow obstruction associated with ventilation/perfusion mismatching. The pathological basis for the opacities might conceivably be enlarged arteriovenous shunts.
We conclude that exposure to PVC dust is associated with abnormalities of lung function, 652 slight abnormalities of the chest radiograph and complaints of slight dyspnoea. While these results are not unduly alarming, they do indicate that PVC dust exposure should be controlled, and that the men with radiographic abnormalities should be followed clinically to determine future progression or regression of the condition.
